wound, and by systemic manifestations, that increase with the development of the process. The primary cause of the necrosis is the lysis of the tissue structures by lytic enzymes, e.g., lecitinase, hyaluronidase, desoxi-ribonuclease and several proteases, as gelatinase and collagenase, with prominence for this last one, as one of the main responsible for the destruction of conjunctive, muscular and vascular tissues. This collagenase is obtained commercially from cultures of Clostridium histolyticum. This is the enzyme with collagenolitic activity more used in practice, for example, in the separation of cells and in dermatological products.
In the present work we intended to study inhibitors of the collagenase of C. histolyticum. Inhibitors of this enzyme should be used as auxiliary drugs for treatment of gas gangrene. The work consisted of an experimental part, in which the effect of different substances was verified on collagenase of C. histolyticum, and of a theoretical part, in which the simulation of the structures of these substances and their interaction with the collagenase were performed.
Experimental
The collagenase activity was measured by collagen hydrolysis and determination of the released amino acids. The method was adapted from Mandl et al [1] , in which native collagen is incubated for 5 hours with collagenase and the amino acids are colorimetrically determined by reaction with ninhydrine [2] . The reaction medium was buffered to pH 7,5 with Tricine 50 mM added of 0,4 M NaCl. For the inhibition trials, the ligands were mixed to the enzyme one hour before the beginning of the reaction.
The choice of substances for test was made in function of reports in the literature (experimental or clinical) among common drugs with inhibiting effect upon collagenases. The selected drugs have different structures and pharmacological activities, but all share such inhibiting effect [3] [4] [5] [6] [7] [8] [9] . Six ligands were tested: three oxicans, namely Meloxicam, Tenoxicam and Piroxicam, tetracycline, doxycycline and sodium alendronate. The inhibition constant was determined for those that exhibited activity against the enzyme.
C. histolyticum collagenase (type IA) was obtained from Sigma, St. Louis, MO, USA. The drugs (ligands) were bought from Purifarma, São Paulo, SP, Brazil. The bovine collagen was produced by Gelita South America, Maringá, PR, Brazil.
The computational calculations comprise the determination of the three-dimensional structure of the ligands by energy minimization methods, and the simulation of the interaction between ligands and collagenase active site by a docking procedure. The enzyme structure was obtained from Protein Data Bank (structure 1NQD), determined by X-ray diffraction. The structures of the collagen co-crystallized with any inhibitor are not known. Therefore the area of the surface of the enzyme capable to interact with ligands had to be obtained by simulation. For this purpose, a model of a fragment of collagen, constituted by the hexapeptide pro-pro-gly-pro-pro-gly, was positioned close to active center amino acids residues and then performed a grid calculation [10] . Docking calculation and a mixed Quantum-Classical Mechanics determination of ligand-enzyme interaction energy, led to the most probable complex structures [10, 11] . 48 Ecl. Quím., São Paulo, 33(4): 47-52, 2008
Calculations were performed on a Compaq AP400 workstation with two processors (Windows software for Classical and Quantum Mechanics energy minimization) and on a Silicon Graphics Octane workstation (Unix software for docking and ab initio Quantum Mechanics calculation). For the former it was used CAChe Worksystem 5.04 for Windows (Fujitsu Systems Business of America, Inc., Beaverton, OR, USA) [12] and for the last First Discovery 1.8 (modules: Glide; Liaison; QSite; Impact) and Jaguar 4.1. for Irix (in other words, SGI Unix) (Schrödinger Inc., Portland, OR, USA). [10, 11] 
Results and Discussion
The kinetic parameters for the collagenase-catalyzed hydrolysis of bovine collagen were determined from the plot of absorbance of ninhydrine-amino acid reaction product versus collagen concentration in mol/l, considering the protein molecular weight as 3,00 x 10 5 D. This system displays a standard Michaelis-Menten kinetics with a V = 1,45 µkat and Km = 19,9 µM. The specific activity results equal to 363 kat/kg.
Only Piroxicam inhibited the bacterial collagenase among all the tested drugs (Fig. 4) . The others had no significant effect (including the remaining oxicans, fig. 1 , doxycycline, fig. 2 , and tetracycline, fig. 3 ), except alendronate that increased enzyme activity (Fig. 5) . The maximum reaction speed measured in presence of Piroxicam was the same of the reaction without inhibitor, within the experimental uncertainty, what confirms the competitive nature of the process. The apparent Michaelis constant has a value only 14% greater of the true one, what implies in a relatively high Ki (1,42 mM), indicating a weak inhibitor -enzyme affinity. In other words, Piroxicam is a poor candidate for a drug as a bacterial collagenase inhibitor. However, maybe a good starting point to search more active derivates.
As stated above, the others ligands did not inhibit the collagenase of C. histolyticum. Curiously, the alendronate increased enzyme activity ( fig. 5) . The best geometries obtained through the docking calculation represent the low interaction energy between ligand-enzyme, resulting in stronger chemical bonds. Among them stand out hydrogen bonds, whose involvement of groups of enzyme active site can explain the effect on the enzymatic activity. The number and the position of hydrogen bonds formed between ligand and enzyme are described in the table 1.
All the best poses obtained in the "docking" procedure were submitted to energy calculation. This calculation was mixed: ab initio Quantum Mechanics, which is more accurate, for the ligand and the neighboring area of the enzyme, and Classic Molecular Mechanics for the rest of the protein, because is unviable to perDocking calculations defined the best geometry for ligand-enzyme interaction. The best poses between each ligand and collagenase active site were select. See figure 6 as an example. Tetracycline was the only ligand for which a favorable interaction with the enzyme was not gotten. The calculation didn't supply any adjustment of the tetracycline with the active site that resulted in attractive interactions among their structures. 
Where: E b bond energy, E l energy of ligand, E e energy of enzyme, E cle energy of complex ligandenzyme. See Table 2 for the results. Bigger bond energy means a stronger interaction between ligand and enzyme, but does not mean that this ligand is a better inhibitor, because this property depends on the nature of the interaction and the groups involved. Outstanding example in this group is alendronate: the worst inhibitor (actually an activator) is the molecule that interacts more strongly with the enzyme. On the other hand, when similar molecules are compared, as the oxicans, we see that Piroxicam is the best inhibitor and the more strongly bonding to the enzyme. The conclusion is: first it is necessary to find the species that interact more favorably regarding the expected effect. Once found a substance like this, its structure must be modified seeking to obtain a stronger interaction that intensifies such effect. The definition of which interactions are favorable to the inhibiting effect depends on the knowledge of which groups of the active site are important for the enzymatic activity. In the case of Clostridium histolyticum collagenase, Wilson et al. [13] identified the amino acids residues relevant for the enzymatic activity, through the analysis of the mutagenesis effect of each residue upon such activity. The authors concluded that:
Thr957, Tyr970, Leu992, Tyr994 e Tyr996 amino acids residues are very important for the bond with collagen (Tyr994 is probably the most important: its substitution reduces the activity in more than 5 times).
2.
Tyr990, Tyr931, Tyr932, Asp966 e Asp974 are less important, because their loss or blockade have a small inhibition effect.
3.
His959 interacts with only one of the four collagen orientations proposed by the authors.
4.
Arg929 mutation intensifies the bonding with collagen.
Based on these conclusions, we can discuss the experimental results regarding docking calculations.
Initially consider the oxicans series: Piroxicam, Tenoxicam and Meloxicam. The experiments show that the inhibiting effect on bacterial collagenase decreases from Piroxicam to Meloxicam. According to Table 2 , total interaction energy follows the exact sequence above: the more negative figure (stronger global interaction) Concerning the tested tetracyclines, it was possible to simulate the docking only with the doxycycline, because the calculation with tetracycline did not result in any favorable interaction. The calculated bond energy for doxycycline-enzyme is similar to that of Meloxicamenzyme ( Table 2 ). The hydrogen bonds between each ligand and the collagenase have much in common, namely, both bond to Arg929, residue whose blockade is activator for the enzyme, Meloxicam by three hydrogen bonds and doxycycline through two. On the other side, both bond to one residue whose blockade is inhibitor: Thr957 for Meloxicam and Asp966 for doxycycline. The former has a more intense influence upon the inhibition of the enzyme than the second, what should compensate the stronger interaction of Meloxicam with Arg929 and to result in a similar effect comparatively to doxycycline.
Finally, Alendronate forms two hydrogen bonds with Arg929 and one with Tyr931, residue whose suppression has very little inhibiting effect. Probably the strong bond energy Alendronate-collagenase translates a very strong interaction between this ligand and Arg929, resulting in the stimulating effect upon enzyme activity of this drug.
Conclusion
Among the tested compounds, Piroxicam is the only useful as leader for the synthesis of derivates in the search of C. histolyticum collagenase inhibitors with larger activity.
Pay attention that, the calculations for steric adjustment and bond formation between ligands and enzyme active center ("docking") and to obtain bond energies values are very useful in the interpretation of the experimental results. But, as every method of computational simulation, they have their limitations and their results should be considered with caution. They must be considered as an aid for interpretation of the experiences and for planning news ones, but not as their substitutes.
